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doi:10.1016/j.jtcvs.2003.09.057TBackground: Total arterial revascularization in coronary artery bypass grafting has
recently become of great interest to many surgeons. At the same time, off-pump
coronary bypass grafting has also become a popular procedure because of its low
morbidity and mortality. Here we report our recent series of off-pump coronary
bypass grafting performed with a grafting technique we developed by using the
skeletonized gastroepiploic artery and the radial artery composite graft to achieve
total arterial revascularization.
Methods: From September 2000 to April 2003, 98 patients underwent total arterial
revascularization with the skeletonized gastroepiploic artery and radial artery com-
posite graft on the beating heart. We used the gastroepiploic artery graft of choice
in patients with a right coronary artery lesion. When multiple grafting was required
in inferior, posterolateral, or lateral ventricular walls and the gastroepiploic artery
graft was too short to cover these areas, we used the composite grafting technique.
Results: There were no in-hospital deaths and there was no severe morbidity among
the study patients. Postoperative angiography showed graft occlusion at the anas-
tomosis site between the gastroepiploic and radial arteries. The patency rate of the
gastroepiploic arterial composite graft was 98.3% (118/120 distal anastomoses).
Conclusions: A composite graft with the skeletonized gastroepiploic artery and the
radial artery ensured sufficient caliber size and length for myocardial revascular-
ization on inferior, posterolateral, and lateral ventricular walls. This composite graft
can be used safely and effectively even in off-pump coronary bypass surgery with
excellent early clinical and angiographic outcome in selected patients, although
longer follow-up periods are necessary to draw definitive conclusions.
Conventional coronary artery bypass grafting (CABG) has beenperformed with a single internal thoracic artery (ITA) graft to theleft anterior descending coronary artery (LAD) and additionalsaphenous vein grafts by using cardiopulmonary bypass with car-dioplegic arrest. However, with the increase in saphenous veingraft disease, surgeons have begun to use additional arterial grafts
for CABG,1,2 and several studies have demonstrated that the use of multiple arterial
grafts clearly improves the long-term outcome of patients undergoing CABG.3,4
Moreover, total arterial revascularization in CABG has recently become of great
interest to many surgeons.5-8 At the same time, off-pump CABG (OPCAB) has
become popular because of its low morbidity and mortality.9-11 However, to our
knowledge, there are only a few reports on OPCAB for total arterial revasculariza-
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formed with a grafting technique that we developed by
using the skeletonized gastroepiploic artery (GEA) and the
radial artery (RA) composite graft to achieve total arterial
revascularization.
Materials and Methods
Patients
From September 2000 to April 2003, 407 patients underwent
OPCAB operations in our institute. Among these patients, 300
patients (74%) received total arterial revascularization. In these
300 patients, skeletonized GEA grafting was performed for 168
patients (41%; 168/407), and skeletonized GEA and the RA com-
posite grafts were used for 98 patients (24%; 98/407). Total arterial
revascularization was our grafting strategy of choice for patients
younger than 80 years in elective cases. We used the GEA graft of
choice in patients with right coronary artery lesions. When multi-
ple grafting was required in the inferior, posterolateral, or lateral
ventricular walls and the GEA graft was too short to cover these
areas, we used the composite grafting technique. The patients who
received skeletonized GEA grafting as a composite graft with the
RA were categorized into group 1 (n  98), and the patients who
received skeletonized GEA grafting not in a composite fashion
were categorized into group 2 (n 70). The clinical characteristics
of the patients are summarized in Table 1.
Surgical Technique
All operations were performed through a median sternotomy in-
cision. The ITAs and the RAs were harvested as pedicles by using
a conventional technique with cautery. The GEA was harvested as
TABLE 1. Patient characteristics and operative data
Variable
Age (y)
Male
Prior MI
Left main  50%
No. of diseased vessels
No. of distal anastomoses
No. of distal anastomoses from GEA inlet
Single grafting
Double grafting
Triple grafting
I composite
Double grafting
Triple grafting
Y composite
Double grafting
No. of distal anastomoses from LITA inlet
No. of distal anastomoses from RITA inlet
Operative time (min)
ICU stay (h) 2
Hospital stay (d) 1
Data are n or mean  SD. GEA, Gastroepiploic artery; ICU, intensive car
internal thoracic artery.a wide pedicle including the artery, veins, and fat by using the
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Cincinnati, Ohio) and was then skeletonized. After administration
of heparin 1.5 mg/kg, the distal site of the GEA was cut, and the
pedicled GEA was pulled out from the intra-abdominal space. This
made further manipulation very easy. Olprinone hydrochloride (5
mg of olprinone in 100 mL of normal saline) was administrated
into the GEA intraluminally. After that, the GEA was skeletonized
by using the same apparatus. The GEA was usually narrow before
skeletonization, but the size of the GEA increased after skeleton-
ization in most cases. The narrow distal sections of the GEA were
abandoned, and only sections with large calibers of more than 2.0
mm were used.
The pericardium was opened with an inverted T-shaped inci-
sion after harvesting of the arterial grafts. The right pleural space
was opened to create a space for a vertically placed heart, to
minimize hemodynamic compromise. After evaluation of coronary
artery status, the composite grafts were made with 8-0 polypro-
pylene running sutures. An I composite graft with skeletonized
GEA and the RA was adopted in 88 patients, and a Y composite
graft was adopted in 6 patients (Table 1). In all cases, sufficient
free flow from the composite graft was confirmed. If necessary,
additional Y composite grafts were made with the ITA and the RA.
Two deep pericardial sutures were placed to facilitate pericar-
dial retraction for cardiac elevation and exposure. The heart was
stabilized with an Octopus 3 stabilizer (Medtronic Inc, Minneap-
olis, Minn) or a Doughnut stabilizer (Fukuda Denshi, Tokyo,
Japan). To maintain myocardial perfusion during anastomoses, our
originally developed coronary active perfusion system was used in all
cases.15-17 The most critical vessel—the LAD in most patients—was
revascularized first to provide a backup to other areas. Distal anasto-
p 1
98)
Group 2
(n  70) P value
10 66 9 .71
2%) 51 (73%) .19
4%) 58 (83%) .89
1%) 32 (46%) .52
0.5 2.3 0.5 .12
0.7 2.7 0.6 .26
0.4 1.1 0.4 .001
61
8
1
4
8
6
4
4
0.3 1.2 0.4 .92
0.2 0.1 0.3 .89
34 186 42 .86
11.2 28.3 12.3 .79
9.6 15.0 10.3 .80
; LITA, left internal thoracic artery; MI, myocardial infarction; RITA, rightGrou
(n 
68
80 (8
82 (8
40 (4
2.7
3.4
2.1
9
8
1.2
0.1
192
9.1
4.3
e unitmoses were performed with 8-0 polypropylene running sutures.
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The left ITA was anastomosed to the LAD in all patients. If
necessary, a Y composite graft with the left ITA and the RA was
adopted to anastomose to the diagonal branch. Coronary arteries
on the inferior and/or posterolateral walls, including the postero-
descending, posterolateral, and obtuse marginal coronary arteries,
were revascularized with skeletonized GEA or composite graft
with skeletonized GEA and RA. Proximal anastomosis on the
ascending aorta was not performed in any patient. The distribu-
tions of distal target sites anastomosed by the composite grafts are
shown in Figures 1 to 3.
Angiographic Assessment
The necessity and significance of postoperative coronary angiog-
Figure 1. Double grafting using the I composite graft
artery. OM, Obtuse marginal coronary artery; PD, poste
artery.raphy were explained to all patients, and angiography was per-
The Journal of Thoracicformed if patients agreed. Postoperative angiography was per-
formed approximately 2 weeks after the operation in 60 patients
(61%). An example of postoperative angiography is shown in
Figure 4.
Statistical Analysis
Results were expressed as mean  SD. Statistical analysis was
performed with Student t tests for continuous variables or with 2
tests (Fisher exact tests if n was 5) for categorical variables. All
statistical analyses were performed with SPSS 10.0 software
(SPSS Japan Inc, Tokyo, Japan).
Results
There were no in-hospital deaths among the study patients.
the skeletonized gastroepiploic artery and the radial
scending coronary artery; PL, posterolateral coronarywith
rodeNone of the patients had low cardiac output, perioperative
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events, or sternal wound infection. One patient needed
reoperation for postoperative bleeding (group 1). Postoper-
ative atrial fibrillation occurred in 8 patients (8%) in group
1 and 7 (10%) in group 2. Postoperative angiography
showed graft occlusion at the anastomosis site between the
GEA and the RA in 2 patients (1 at the end-to-end anasto-
mosis site and the other at the side-to-side anastomosis site)
and showed flow competition between the composite graft
Figure 2. Triple grafting using the I composite graft w
artery. OM, Obtuse marginal coronary artery; PD, post
Figure 3. Double grafting using the Y composite graft
artery. OM, Obtuse marginal coronary artery; PD, poste
artery.and the native coronary artery in 2 patients in group 1. In
1154 The Journal of Thoracic and Cardiovascular Surgery ● Aprother patients, no graft stenosis was observed in group 1. In
group 2, 1 graft occlusion was observed at the distal anas-
tomosis site (end to side) in 1 patient, and 75% stenosis was
observed at the distal anastomosis site in another patient.
Other grafts, including the ITA, the ITA composite graft,
and the GEA composite grafts, were all patent. The patency
rate of the GEA composite graft was 98.3% (118/120
distal anastomoses) in group 1, and that of the GEA graft
was 97.1% (33/34 distal anastomosis) in group 2 (P 
the skeletonized gastroepiploic artery and the radial
scending coronary artery.
the skeletonized gastroepiploic artery and the radial
scending coronary artery; PL, posterolateral coronaryith
erodewith
rode.64).
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duration was 16.3  8.4 months in both groups. There was
1 cardiac death (due to heart failure at 9 months after the
operation) in group 1. There was no myocardial infarction in
either group. There were 3 other noncardiac deaths (1 due to
cerebral infarction, 1 due to cancer, and 1 from old age) in
group 1, and there was 1 (due to cancer) in group 2.
Discussion
This study demonstrates that skeletonized GEA and RA
composite grafts can be used safely and effectively in OP-
CAB surgery for myocardial revascularization on the infe-
rior, posterolateral, and lateral ventricular walls with excel-
lent early clinical and angiographic outcome. The concept
of total arterial myocardial revascularization with composite
grafts is not novel,5,7,8 but surgeons are still hesitant to
perform OPCAB surgery with multiple arterial grafts be-
cause of technique difficulties and lack of angiographic
results. However, recently several reports on OPCAB for
total arterial revascularization with composite grafts have
been presented. Quigley and colleagues12 reported several
patterns of composite grafts, including I, Y, U, and K grafts,
with mainly ITAs and the RA. Kim and colleagues14 dem-
onstrated aggressive use of bilateral skeletonized ITA grafts
in OPCAB and achieved total arterial revascularization in
92% of patients. Similar to their reports, we consider that
total arterial revascularization can be safely performed by
Figure 4. Postoperative angiography of the I composit
radial artery. PD, Posterodescending coronary artery;OPCAB surgery with composite grafts and that this grafting
The Journal of Thoracictechnique will become the procedure of choice as data on
early and late outcome in both clinical and angiographic
aspects become available.
In this series, we applied composite grafting by using
skeletonized GEA and RA. We developed this technique to
ensure sufficient caliber size and length of the GEA for
composite grafts. The luminal diameter of the GEA at the
distal site is usually much narrower than at the proximal
segment. Skeletonization of the GEA increases the luminal
diameter by some degree, but it is not always enough,
especially at the distal segment. In this series, the number of
distal anastomoses from the GEA inlet in group 1 was
greater than in group 2, without an increase in any adverse
event. This suggests that a skeletonized GEA and the RA
composite graft can be an effective choice of strategy when
multiple grafting is required on inferior, posterolateral, or
lateral ventricular walls.
Ochi and associates18,19 reported that the GEA graft may
be less capable of perfusing the coronary artery than the
ITA graft because the GEA is a third branch of the abdom-
inal aorta, whereas the ITA is a second branch of the aortic
arch. They recommended that the GEA graft should have a
large luminal diameter (2-3 mm) at its anastomotic point to
generate adequate perfusion pressure. In this series, distal
sites of the GEA that had diameters less than 2 mm even
after dilation by skeletonization were abandoned, and in
most cases they were anastomosed to the RA in an end-to-
ft with the skeletonized gastroepiploic artery and the
osterolateral coronary artery; Anast., anastomosis.e gra
PL, pend fashion. The RA usually has a sufficient caliber size
and Cardiovascular Surgery ● Volume 127, Number 4 1155
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mismatches at the sites of the anastomoses between the
skeletonized GEA and the RA in our series.
The composite grafts used in this study had enough
length that reached as far as the lateral region, and this made
it possible to perform multiple grafting at the area from the
inferior to the lateral region, mainly with the sequential
grafting technique. At present, surgeons are rather hesitant
to use the sequential grafting method for OPCAB. Al-
Ruzzeh and associates21 reported their early experience in
2002 of 45 patients who underwent OPCAB with the se-
quential grafting technique, with excellent results. They
emphasized that fine exposure and stabilization made se-
quential anastomoses technically feasible, with satisfactory
outcome. We also consider that exposure and stabilization
are the key techniques for OPCAB surgery, and when they
are successfully achieved, sequential grafting can be safely
and effectively applied even to OPCAB.
Several surgeons have emphasized the advantage of
ITA-RA composite grafting.5,7,12,22 Sundt and colleagues22
reported that 649 patients underwent CABG with an ITA
and RA in a T-graft configuration and commented that
complete arterial revascularization could be achieved in
most patients by using a single ITA and single RA. How-
ever, others have cautioned against the potentially cata-
strophic consequences of acute hypoperfusion resulting
from inadequate ITA flow.23,24 We consider that ITA graft-
ing to the LAD is the key grafting in CABG surgery;
therefore, we have used ITA or ITA-RA composite grafts
only to the anterior and anteroseptal walls, considering the
possibility of causing the hypoperfusion phenomenon.
It must be noted that there have been several reports of
flow competition between the native coronary artery and the
GEA graft.25 However, Sato and colleagues26 have reported
13 successful cases of CABG with GEA-RA composite
grafts. They reported that they had no experience of hypo-
perfusion in the posterolateral or inferior areas, and postop-
erative angiography revealed widely patent composite grafts
without any flow insufficiency. Similar to their report, early
clinical and angiographic outcomes in this series were ex-
cellent, although we performed no quantitative study re-
garding flow dynamics of the composite graft. Initially, we
proposed that nearly all patients receive postoperative an-
giograms. With experience, however, since April 2002, we
have been recommending that patients undergo postopera-
tive angiogram only when we are anxious over the quality
of the anastomoses. From our early clinical results, we
consider that composite grafts with skeletonized GEA and
the RA can provide sufficient perfusion in both the left
circumflex coronary artery and the right coronary artery
systems. However, our results should be confirmed by fur-
ther clinical follow-up of the patients.
1156 The Journal of Thoracic and Cardiovascular Surgery ● AprIn conclusion, composite grafts with skeletonized GEA
and the RA ensured sufficient caliber size and length for
myocardial revascularization on inferior, posterolateral, or
lateral ventricular walls. On the basis of this study, we
consider that this composite graft could be used safely and
effectively even in OPCAB surgery, with excellent early
clinical and angiographic outcome in selected patients.
However, long-term follow-up is necessary to draw defini-
tive conclusions.
We thank Gaia Hoerner for helping in the preparation of the
manuscript.
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